I describe a new method for quantitative alcohol determination in equilibrated headspace gas of biological liquids by means of a solid-state metal-oxide semiconductor (MOS) detector. After equilibration of the NaCIsaturated specimen at 40 #{176}C or other convenient temperature in a closed vessel, a Taguchi MOS sensor is momentarily exposed to the headspace vapor. The resulting dc voltage change from the baseline conditions accurately reflects the alcohol concenfration of the liquid specimen, and can be read in direct alcohol-concentration units. Calibration is linear to 3.00 g/liter (300 mg/dl). Values for analytical recovery ranged from 98 to 102%. Correlation of results for blood alcohol concentration by this method (ye) and an automated gas-chromatographic reference method (x,) was y, g/liter = 0.991x + 0.0 14, with r = 0.997 for 103 blood specimens having concentrations ranging from 0 to 2.89 g/liter (0-289 mg/dl), with a mean difference (x1 -y) = -6 mg/liter(0.6 mg/dl).The method is sensitive to 0.01 g/liter (1 mg/dl) and can be readily automated. An internal standard is not required. 
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This breath-alcohol screening test procedure is inherently simple, rapid, sensitive, and reagentless. These characteristics are also desirable in a method for alcohol determination in blood and other biological liquids for clinical purposes.
We therefore combined this solidstate alcohol sensing scheme with the well-established principle of equilibrium partition of volatiles between liquids and "headspace" gas in a closed system at controlled temperature (8) to develop a new quantitative method for alcohol analysis in biological liquids. The resulting method is conceptually analogous to gaschromatographic determination of alcohol in biological liquids by headspace analysis (9-11). However, the instrumentation is simpler and less expensive, it can be used intermittently without lengthy or complicated preparation, and it yields a final result (e.g., blood-alcohol concentration) without computations-i.e., by direct digital readout. identically prepared and incubated.
Materials and Methods

Apparatus
After equilibration at 40 #{176}C for 30 mm or longer, a fixed volume (about 2 ml) of headspace gas was withdrawn from the reference flask and immediately directed past the previously purged Taguchi Gas Sensor. The resulting peak digital voltmeter reading was adjusted to the nominal volume of the ethanol reference sample (e.g., 100 for a 1.00 g/ liter sample), and the purge-headspace withdrawalsensing result-reading process then repeated for each biological specimen. Purging of the detector between samples involved a 25-s heating cycle, during which room air was repeatedly aspirated into the Cornwall syringe and directed past the Sensor. In serial analyses, standardization was checked after every tenth specimen. A micro-modification of this procedure consisted of placing 100 tl of well-mixed whole blood into a 10-ml Erlenmeyer septum flask containing 0.1 g of sodium chloride and proceeding as above.
Gas-chromatography.
These analyses on aqueous and biological specimens were done by the automated gas-chromatographic headspace method of Machata (12, 13), modified by Dubowski (14) . Aqueous reference specimens were used in this modification, and all samples were saturated with sodium chloride (1 g of sodium chloride + 1 ml of liquid sample) before equilibration at 40 #{176}C and subsequent gas-chromatographic analysis. The detector responses were recorded on a 250-mm wide chart, and the concentrations of test samples were calculated by comparison with the reference samples by using either electronic integration of the curves or peak-height measurements. 
Results
Standardization and Linearity
The time required for complete equilibration between the liquid and vapor phases varied with the incubation temperature and other factors such as shape and volume of the equilibration vessel. Figure 2 shows the relation between elapsed time and Taguchi Gas Sensor output voltage for equilibration at 40 #{176}C, for sodium chloridesaturated liquids. At higher temperatures, equilibration is more rapid. Figure 3 shows the basic calibration curve for this system for equilibration at 40 #{176}C, illustrating linearity to 2.50 g of ethanol per liter (250 mg/dl) and the greater relative precision of the measurement at higher concentrations.
(In other experiments, linearity of calibration to 3.00 g/liter (300 mg/dl) at 40 #{176}C was demonstrated.)
At 40 #{176}C, the calibration curve corresponded to the least-squares linear regression equation x = 105.6y + 0.14 (r = 0.997), where x = blood alcohol concentration, mg/dl and y = Taguchi Gas Sensor output, in volts dc, without attenuation for directreading results. The corresponding calibration equation is x = 1.056y + 0.0014, where x = blood alcohol concentration, g/liter. Increased equilibration temperatures yielded higher dc voltage outputs and hence increased sensitivity; e.g., the instrument response at 65 #{176}C was approximately fivefold that at 35 #{176}C for equal alcohol concentrations in the liquid phase, in the presence of salt.
Precision, Accuracy, Sensitivity, and Specificity
Precision.
Within-run and between-run precision of the procedure for a control specimen with a target value of 1.00 g/liter (100 mg/dl) are given in Table 1 ; the latter represents data for runs on successive days. Recovery experiments with 0.50, 1.00, 1.50, and 2.00 g of added Analysis of blood from abstaining subjects consistently yielded results for apparent blood alcohol concentration of less than 0.02 g/liter (2 mg/dl), with a mean = 0.006 ± 0.0062 g/liter (0.6 ± 0.62 mg/dl) for n = 18. The time course of the dc voltage output of the Taguchi  Gas  Sensor, attenuated to keep all values on the recorder chart, is shown in Figure 5 for equimolar (12 mmol/liter) aqueous solutions of acetone, ethanol, isopropanol, and methanol in the presence of sodium chloride at 40 #{176}C.
Discussion
The 
